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(54) Method of making electronic packages and smart structures formed by thermal spray deposition. 


(57) A smart structure or an electronic package is 
formed by thermal spraying utilizing a plurality 
of masks positioned and removed over a work 
surface in accordance with a predetermined 
sequence. The masks correspond to cross sec- 
tions normal to a centeriine through the struc- 
ture. The masks are placed above a work 
surface and sprayed with a primary material to 
build up at least one electronic component, or 
with a complementary material. In this manner, 
layers of material are formed, each layer com- 
prising at least one primary material and at least 
one complementary material. Then, any com- 
plementary material deposited merely to serve 
as a support structure during forming may be 
removed. 


Fig.2. 
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Field of Invention 

The invention relates to an electronic/mechanical 
packaging system and smart structures which house 
and interconnect electronic components. 

Background of the Invention 

There are numerous structures known as smart 
structures which contain electronic components that 
produce an electrical signal when stimulated. These 
components could be strain gauges, switches, ther- 
mocouples or other electronic devices. Conventional- 
ly, these components have been attached to an exist- 
ing structure rather than being fabricated in place at 
the same time the surrounding structure is made. 

Electronic packages are another structure in 
which electronic components are surrounded by an- 
other material. Electronic components ranging from 
an individual integrated circuit chip to an array of in- 
terconnected chips have been packaged in protective 
containers. These containers are often designed to 
provide more than weather proofing. They may in- 
clude shielding from electro- magnetic interferences, 
thermal cooling and shock absorption. Blocks of styr- 
ofoam having cavities into which electronic devices 
and components are placed are commonly used to- 
day. Plastic encapsulation is another means for pro- 
t ctively packaging electronic components. 

Many electronic packages are designed so as 
never to be opened. In these packages conductors 
are provided to interconnect the electronic compo- 
nents. An external connector in the package allows 
one to utilize the package components. Sometimes 
s nsors have been provided in these packages. 

Traditionally, the art has first formed the electron- 
ic components, interconnected them on a board and 
placed this system in a housing which may then be f il- 
I d with a nonconductive material. Each of these 
steps is performed independently and final assembly 
involves mechanical connections between boards 
and the system housing. This manufacturing ap- 
proach limits packaging density, performance, reli- 
ability and shape and requires several assembly 
steps. 

At one time circuit boards were made by hand wir- 
ing components mounted on a board. In addition to 
being a-slow process, this manufacturing approach 
had performance, reliability, shape and size limita- 
tions. Many of these problems were overcome by 
printing processes for circuit boards. In this process 
one or more layers of material were deposited on a 
substrate and then circuitry and other features were 
formed by etching. This printing process, however, is 
useful for only a limited number of materials and can- 
not be used for forming several different materials in 
a single layer. 

The prior art contains several other methods for 


creating objects by the incremental material build up 
of thin layers. However, such techniques have been 
used primarily for products other than electrical com- 
ponents. These processes include lamination, selec- 

5 tive laser sintering, ballistic particle manufacturing, 
three-dimensional printing, stereolithography and 
near net thermal spraying. Lamination involves the 
simple process of cutting layers of a selected material 
and then bonding those layers together. The layers 

w may be pre-cut to shapes corresponding to a cross 
section through the article to be created. Alternatively, 
standard shapes of material can be stacked and 
bonded together. Then, the assembled structure is 
cut or machined to produce the desired shape. In Uni- 

15 ted States Patent No. 4,752,352, Michael Feygin pro- 
poses a computer controlled method and apparatus 
for forming a laminated object. He provides a supply 
station, a work station for forming a material into a 
plurality of layers for lamination, an assembly station 

20 for stacking the layers in sequence into a three- 
dimensional object, a station for bonding the lamina- 
tions to complete the formation of the three- 
dimensional object and a control station. In his patent, 
Mr. Feygin discloses a method in which the lamina- 

25 tions are cut from a roll of material lifted, stacked and 
bonded under the direction of a computerized control- 
ler. The layers are bonded together by adhesive or 
brazing. This and other lamination techniques have 
significant disadvantages. The bond between layers 

30 is critical and limits the strength of the object. More- 
over, lamination is suitable for only those materials 
which can be formed into thin layers which can be 
bonded together. 

In laser sintering, a laser is used to cure a starting 

35 material into a certain configuration according to the 
manner in which the laser is applied to that material. 
Stereolithography is a more recent yet similar process 
which creates plastic prototype models directly from 
a vat of liquid photocurable polymer by selectively sol- 

40 idif ying it with a scanning laser beam. An example of 
this method is described in European Patent 322 257. 
Both of these methods require a substantial amount 
of curable raw material. In both cases the laser must 
be carefully controlled to achieve the desired shape. 

45 In some applications, the laser typically does not fully 
cure each cross section. Rather, the laser cures the 
boundary of a section and then cures an internal 
structure or honeycomb that traps the un cured fluid. 
Thereafter, the article must be subjected to final cur- 

so ing under separate ultraviolet lights or heat treatment. 
Additional post processing, such as careful sanding 
and grinding, is required for making smooth, accurate 
surfaces. 

In ballistic powder metallurgy beams of particles 
55 are directed to the coordinates of a three-dimensional 
object in a three-dimensional coordinate system. A 
physical origination seed to which the particulate mat- 
ter is attracted is required. The process may use a 
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beam of particles directed to the origination seed 
which builds the particles upward from that seed. Al- 
ternatively, one can use an energy beam which at- 
tracts the particulate matter already in the environ- 
ment to the seed or another coordinate. Such a sys- 5 
tern is disclosed by William E. Masters in United 
States Patent No. 4,665,492. This method cannot be 
used to make objects having undercuts therein with- 
out creating support structures at the same time. Nor- 
mally, the support structures are created with the par- 1 o 
tide beam during the creation of the object. Such sup- 
port structures must be removed by cutting, grinding 
or machining. Furthermore, the art has only been 
able to reliably deposit wax with this method. The use- 
fulness of this method for other materials has not and 15 
possibly cannot be established. 

Three-dimensional printing is another technique 
similar to ballistic powder metallurgy. One variation of 
this technique creates layers of particles to produce 
a three-dimensional image in much the same manner 20 
that an ink jet printer produces two-dimensional im- 
ages. The technique relies upon thermal shock or 
drop on demand material delivery techniques. A ther- 
mal shock technique forms a particle by vaporizing a 
small area of the fluid directly behind the nozzle. The 25 
drop on demand nozzle includes a piezo electric ele- 
ment to constrict the cavity thereby forcing a drop past 
the nozzle plate. In both instances the material is di- 
r cted to a work surface in a manner to build up the 
article. This technique can only be used for certain 30 
kinds of materials. 

In another variation of three-dimensional printing 
a series of two-dimensional layers are created by add- 
ing a layer of powder on top of a work surface. The 
powdered layer is selectively joined where the part is 35 
be formed by ink jet printing of a binder material. The 
work surface is then lowered and another layer of 
powder is spread out and selectively joined. The 
layering process is repeated until the part is complete- 
ly printed. Following a heat treatment the unbonded 40 
powder is removed leaving the fabricated part. Al- 
though this technique has been proposed for metal, 
ceramic and plastic materials, it is limited to those ma- 
terials to which a reliable binder can be applied. 

The art has attempted to make objects by spray- 45 
ing layers of metal on a substrate. Problems have oc- 
curred in that the layers have tended to camber and 
possibly to peel apart from the substrate. Therefore, 
one must have a release agent or compatible sub- 
strate. 50 

None of the just described incremental material 
layer build up techniques have been successfully 
used to make packaged electronic components or 
smart structures. 

There is a need for a method to manufacture elec- 55 
tronic packaging systems and smart structures by in- 
cremental build-up of material. The method and appa- 
ratus should be capable of producing articles having 


undercuts and irregular shapes. 

Brief Description of the Invention 

We provide an electronic/mechanical packaging 
system and smart structures manufactured by incre- 
mental material build up of thin layers. Our package 
includes selected electronic components, many of 
which are formed in place, surrounded by a comple- 
mentary material. This complementary material pro- 
vides support during and possibly after manufacture 
of the structure. In most structures all or a portion of 
the complementary material is removed after the de- 
vice has been formed. In other systems at least some 
of the complementary material remains in place to 
provide structural support or insulation or both. Most 
of the electronic components are formed in place by 
build up of thin layers. The electronic components 
may be made of conductors such as gold and copper, 
insulators such as ceramic materials and possibly 
semiconductors, all of which are applied by thermal 
deposition spray. We provide at least one mask per 
layer to properly position each of the sprayed materi- 
als within a layer. For most layers at least two masks 
are required. The first mask or set of masks corre- 
sponds to a cross section through the objects being 
formed within the package. The second mask or set 
of masks defines the location of the complementary 
material or materials within the layer. Two or more ma- 
terials will be deposited to form most layers. For those 
layers we will have at least one primary mask which 
defines a cross section through the components in 
that layer and at least one complementary mask ma- 
terial which defines a complement to the cross sec- 
tion defined by the first mask. If more than one mate- 
rial is used to fabricate the components a separate 
mask should be used for each material. The masks 
are alternately placed on a work surface, sprayed 
with the appropriate material and removed. The 
masks are placed, sprayed and removed in accor- 
dance with a predetermined sequence so that a 
layered structure is built up which contains the com- 
ponents made of the primary material or materials 
surrounded by the complementary material or mate- 
rials. During the build up of the layered structure, 
spaces may be created into which integrated circuits, 
conductors, batteries or other objects are placed. Af- 
ter such placements have occurred, additional layers 
are deposited on top of the objects to complete the 
structure. We further prefer to spray these materials 
according to a predetermined spray pattern to assure 
uniform distribution of the materials through each lay- 
er. 

Other objects and advantages of the invention will 
become apparent in connection with the description of 
the preferred embodiments shown in the following fig- 
ures in which comparable parts carry the same refer- 
ence numeral. 
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Description of the Drawings 

Figure 1 is a perspective view of a present prefer- 
red embodiment of our integrated electronic package. 

Figure 2 is a diagram showing a present preferred 5 
embodiment of our apparatus for making three- 
dimensional objects such as the package shown in 
Figure 1. 

Figure 3 is a cross-sectional view of the initial lay- 
ers of the package shown in Figure 1 deposited on a 10 
substrate. 

Figure 4 is an enlarged fragmentary view of a por- 
tion of the layers shown in Figure 3. 

Figure 5 is a cross-sectional view showing the 
layers which contain the heat pipe in the package of 15 
Figure 1. 

Figures 6 and 7 are cross-sectional views show- 
ing the layers of complementary material on top of the 
heat pipe before and after milling. 

Figure 8 is a cross-sectional view similar to Figure 20 
7 after leadless integrated and external connector cir- 
cuits have been placed in the milled spaces. 

Figures 9 and 1 0 are cross-sectional views show- 
ing the layers deposited on top of the integrated cir- 
cuits which contain conductors. 25 

Figure 11 is a cross sectional view of the complet- 
ed package of Figure 1 before removal of the outside 
complementary material. 

Figure 1 2 is a top plan view of a strip of mask ma- 
terial having been cut to form different masks. 30 

Figure 13 is a diagram showing an alternate se- 
quence for cutting mask material. 

Figure 14 is a diagram of a second preferred em- 
bodiment of our apparatus. 

Figure 15 is a diagram showing a thermal spray 35 
pattern using a single spray gun for practicing our 
method. 

Figure 16 is a diagram showing a multiple spray 
pattern using multiple spray sources. 

Figure 1 7 is a perspective view of a smart I-beam 40 
structure. 

Figure 1 8 is a perspective view of a layer removed 
from the smart structure of Figure 1 7 to show the sen- 
sors formed therein. 

45 

Description of the Preferred Embodiments 

In Figure 1 we show an electronic/mechanical 
package system 1 which can be manufactured in ac- 
cordance with our method. This article is comprised so 
of a central portion of a complementary material 2 be- 
tween ends 4 and 5 which complementary material 
contains integrated circuits 7, heat pipes 8 and con- 
ductors 9. A connector 6 also is provided to connect 
the components to other devices (not shown). In this 55 
embodiment end 4 serves as a heat sink and end 5 
provides electronic-magnetic interference shielding. 
The integrated circuits are positioned on heat pipes 8 


and are connected together through conductors 9. 

To make the electronic/mechanical package of 
Figure 1 we may use the device diagramed in Figure 
2. There we provide a masking material 10 in roll form 
on roller 11 which passes through the apparatus to 
take-up roll 12. At station 13 wax or an adhesive ma- 
terial can be applied to the under surface of the mask- 
ing material or one could use pressure sensitive pa- 
per. The mask material may be a metal foil, paper, re- 
inforced paper or other suitable material. If a thin film 
or paper is used then the thermal spray may cause 
sections of the mask to move around under the spray 
turbulence. Therefore, a "sticky" surface may have to 
be applied to the backside of the roll, for example with 
a waxer 13, to hold the mask in place against the sub- 
strate. Alternatively, one could use pressure sensitive 
paper for the masks. We have found that paper can 
be used as a masking material for making an object 
of steel, copper or gold utilizing a low melting point al- 
loy as the complementary material. As the masking 
material passes under laser 14 a mask is cut by the 
laser. The cut away portion 1 5 of the masking material 
10 drops from the moving mask material onto a sur- 
face 17 for disposal. The masking material continues 
to a position over a work table 16 where it stops. The 
work table preferably is capable of moving in three di- 
rections as indicated by arrows x, y and z. As shown 
in Figure 12, fiducial markers 35 may be cut out to 
provide for precise alignment of the mask 1 0 over the 
substrate 56 which has been deposited or placed on 
table 16. The table 16 is seated on a set of servo con- 
trolled x-y-z (and perhaps rotary) stages. The x-y sta- 
ges may be integrated with an optical sensing system, 
which detects the fiducial markers, to precisely align 
the mask over the substrate. The z-stage drops the 
substrate by the thickness of each layer, between 
consecutive layers. When the mask material reaches 
a desired position above table 16, head 20 is moved 
in a manner to direct the delivery of a primary material 
such as gold from supply 18, copper from supply 19 
or ceramic from supply 21 through plasma gun 24 or 
a complementary material ("C. MATL") such as Cer- 
ro metal through gun 22. If desired, one spray gun 
could be used for all materials or a separate spray gun 
could be used for each material. The spray guns move 
in a predetermined pattern. One preferred pattern of 
motion is shown in Figure 15. A sequence of masks, 
are moved over the table. Layers 28 of deposition ma- 
terial and complementary material are deposited on 
the work table. After each layer is completed, work ta- 
ble 16 is dropped to allow for deposition of the next 
layer. Although we prefer to move the spray guns dur- 
ing deposition, one could also use a fixed spray gun 
and move the work surface 1 6. We also prefer to pro- 
vide a mill head 29 or other device to create spaces 
in the layers into which integrated circuit chips are 
placed. Such spaces could be created by machining, 
laser obliteration, and heating to melt away selected 
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portions. An integrated circuit chip (I.C.) feeder 23 is 
provided to place these chips into the milted spaces. 

The art has observed in some metal spray proc- 
esses that residual stress develops in the sprayed 
metal layer causing the layer to camber and possibly 
to peel. To relieve the stress the art has vibrated or 
shot peened such layers. Shot peening is only suc- 
cessful in situations where shot is evenly applied over 
the layer. Since our layers are flat, we can use this 
technique. Therefore, we prefer to provide a shot pee- 
ner 25 for shot peening each layer. The layers could 
be vibrated through movement of the table 16. 

It is also possible to relieve the stress by induction 
heating, flame heating or hot pressing. Therefore, we 
alternatively provide a heat source 27 which we move 
over each layer to selectively heat the surface. This 
heat source could be a hot press, a flame heater or 
an induction heater. Such heating is easier to accom- 
plish on flat layers rather than on curved and irregular 
surfaces. 

The layering process used to create the package 
of Figure 1 is shown in Figures 3 thru 11. We begin 
by depositing the first layer on a substrate 56 as 
shown in Figure 3. That layer includes ends 4 and 5, 
complementary material 2 between ends 4 and 5 and 
outside sacrificial complementary material 3 which 
could be the same material as used for the substrate 
56. The sacrificial complementary material 3 provides 
a surface to support the masks which define ends 4 
and 5. That material is removed after the layering 
process has been completed. Then we deposit layers 
forming ends 4 and 5 adjacent a center portion of 
complementary material 2. We prefer to overlap ad- 
jacent layers 28 of end 4 and complementary material 
2 as shown in Figure 4. This overlap provides im- 
proved bonding. Next we deposit layers forming the 
heat pipe 8 and adjacent complementary material 2 
(Figure 5). We continue to apply layers of complemen- 
tary material 2 on top of the heat pipe (Figure 6) and 
then mill spaces 39 in those layers (Figure 7). Next we 
place lead) ess integrated circuits 7 or external con- 
nector 6 in the spaces 39 (Figure 8). Then we deposit 
conductors 9 and complementary material 2 on top of 
the integrated circuits as shown in Figures 9 and 10. 
To form the remainder of the electronic components 
and packaging surrounding them, we repeat the steps 
illustrated in Figures 5 thru 9 thereby forming the 
structure of Figure 11. Finally, we must remove the 
sacrificial complementary material 3 from the struc- 
ture of Figure 11 to complete the package of Figure 1 . 

A primary purpose of the complementary material 
is to provide support or spacing for portions of prod- 
ucts being formed. Frequently, that support material 
will be removed before the product is used. In other 
products such as electronic packages, little or none of 
the complementary material is removed. Hence, com- 
plementary material, as used herein, should be un- 
derstood to encompass both sacrificial materials and 


nonsacrificial materials which complement the mate- 
rial or materials deposited to form the product or elec- 
trical component within the product. Because at least 
some complementary material usually is removed, 

5 we prefer that some of the complementary materials 
have a melting point lower than the melting point of the 
material used to form the ends and electrical compo- 
nents. If that occurs the structure shown in Figure 11 
can be heated to a temperature so that complemen- 
ts tary material 2 and outside complementary support 
material 3 can be melted away from the object. If ma- 
terial 2 has a higher melting point than outside com- 
plementary material 3, the structure could be heated 
to remove only the outside complementary material. 

15 Alternatively, one could use selective heating techni- 
ques to remove some but not all of complementary 
material 2. Complementary material could also be re- 
moved by other processes such as milling or etching. 
We have found that if the article is to be fabricated in 

20 steel or zinc a metal alloy or polymer having a melting 
temperature between approximately 150° to 340°F. 
makes a suitable complementary material. Such al- 
loys are manufactured by Cerro Metal Products Com- 
pany of Bellefonte, Pennsylvania, and sold under the 

25 trademark Cerro. 

Since each layer is comprised of at least two ma- 
terials, at least one mask per layer may require an "is- 
land" feature (i.e., a region unconnected to the main 
roll), which is physically not realizable. For example, 

30 if a cross section is a circle, then the support structure 
mask would require a frame with a circular island. To 
handle this situation, we may use two masks, and thus 
two spray sequences, to form "island" features as 
shown in Figure 12. Thus, if a particular layer of the 

35 main shape has holes in it, then at least four masks 

32 are required; two to form the complementary ma- 
terial (e.g. Cerro metal) and two to form the primary 
material. 

With the aforementioned approach there may be 
40 seams in the spray deposition between boundaries of 
contiguous sections formed with two masks. This may 
be deleterious to the over-all part strength and its fa- 
tigue characteristics. To minimize this problem, the 
masking operations should be planned so that the 
45 seams between consecutive layers do not align but 
criss-cross. For example, Figure 12 shows the masks 
for two layers of a cylinder. Here corresponding edges 

33 and 34 for two mask pairs are positioned so that 
edges 33 are at right angles to edges 34. 

so Yet another way to create a circular island feature 

is shown in Figure 13. First at step 1 we position the 
table 16 under the mask material 10 and make a cir- 
cular cut to produce a circular mask 36 which we leave 
on the table 16 as shown at step 2. Then at step 3 we 

55 move the table 16 away from the mask material 10 
and make cut 37. Cut 37 produces a donut 38 of mask 
material which falls away leaving the mask of step 4. 
Then at step 5 we move the table 16 with circular 
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mask 36 under mask material 10 thereby defining cir- 
cular area 40 to be sprayed. At that stage we can 
spray over the mask material. Alternatively, we can 
cut a border 41 to form mask 42 and move the table 
with masks 36 and 42 to another location for spraying 
as indicated by step 6. 

An alternative apparatus for making the article of 
Figure 1 is shown in Figure 14. This embodiment 
avoids the problem produced by "island" features by 
first advancing the uncut mask material 10 over the 
substrate comprised of a block of deposited material 
48 on table 16 and then cutting the mask directly on 
the substrate 48. The depth of penetration of the laser 
cutting action would have to be carefully controlled so 
as not to distort the substrate. The backside of the 
mask material 10 must be "sticky" so that "islands" ad- 
here to the substrate. In this embodiment, additional 
mechanisms such as suction devices 26 or grippers 
(not shown) would be required to remove the cut-out 
portions 45 of the masks 1 0 before spraying proceeds 
and to remove portions of the mask, which are not 
connected to the roll, after each section is sprayed. 
We provide the same mask material 10 traveling from 
supply wheel 11 to take up wheel 12. Once again wax 
or adhesive is applied to the underside of the mask 
material. Layers of the primary material or materials 
from which the electronic components and connec- 
tors are made along with the complementary material 
are deposited on work table 16. In this arrangement, 
however, the mounting head 20 contains not only the 
deposition spray guns 22 and 24, but also laser 14 
which is used to cut the mask material and the suction 
26. Each of these sources is shown in Figure 14 to be 
mounted on separately moveable serpents of the 
mounting head 20. It should, therefore, be understood 
that separate mounting heads could be provided for 
each spray head or for selected combinations of spray 
heads. In the apparatus of Figure 14 the mask mate- 
rial 10 is fed over work table 16. Mounting head 20 is 
moved so that laser 14 is positioned above the mount- 
ing table 16. The mounting head then moves to direct 
the laser to cut away a portion of the mask material 
corresponding to the cross-sectional area to be 
sprayed. Then mounting head 20 is moved so that the 
cut away mask material attached to suction 26 can be 
discarded. Then, the mounting head moves the ap- 
propriate spray head 22 or 24 over the mask material 
so that either a primary material or a complementary 
material can be sprayed over the mask 10 onto the 
work table. Additionally, appropriate mechanisms (not 
shown) would be required to move the laser cutter 14 
and the spray sources 22 and 24 in and out of the 
common workplace. However, a precision x-y align- 
ment source under the substrate would not be re- 
quired with this second approach. This process con- 
tinues in sequence until all of the various layers have 
been deposited to make the work piece. Thereafter, 
the block of deposited material 48 is handled in the 


same manner as occurred with the structure shown 
in Figure 11. 

For each layer, one series of masks is required to 
define the shape of the primary deposition material 

. 5 (e.g. steel), and another series of masks is required 
to define the shape of the support structure com- 
prised of complementary material. The spray depos- 
ition must be uniform within the bounds of the masks 
to achieve a uniform deposition thickness. 

10 The mask production/spray methods so far dis- 

closed require extremely tight control of the spray de- 
position to assure that a uniform, constant and repeat- 
able thickness of material be deposited for each layer. 
Also, the complementary material and primary mate- 

15 rial masks for each layer, must be accurately regis- 
tered to assure a perfect boundary between the de- 
posited support and primary materials. This short- 
coming can be alleviated by providing a milling or 
grinding tool 50 to "face" each layer to the exact thick- 

20 ness after each layer is deposited. With this ap- 
proach, only a primary material mask is required. First 
the mask for the primary material is cut by any of the 
previously disclosed means. The primary material is 
sprayed. The mask is then removed. Complementary 

25 material is sprayed directly over that entire layer filling 
in the region adjacent to the just sprayed primary ma- 
terial as well as covering the top of that material. Al- 
though the spraying could be done without a mask, we 
prefer to use a marks to define the boundaries of the 

30 object as does mask edge 54 in Figure 14. A milling 
head or a grinding wheel 49 (or a combination of 
these) then passes over that layer removing that por- 
tion of the complementary material which covers the 
primary material and trimming that layer to the exact 

35 thickness. The resulting milled surface should be suf- 
ficiently rough to assure bonding of the next layer to 
be deposited thereon. The process is then repeated 
for each layer until the final block of material is pro- 
duced. In some applications it may be desirable to mill 

40 the primary material in a given layer before applying 
the complementary material and then mill the entire 
layer after the complementary material has deposit- 
ed. 

Conventional thermal spray sources typically 
45 produce approximately Gaussian distributions. One 
method of producing a uniform distribution is to use a 
multiplicity of appropriately spaced Gaussian distrib- 
ution spray patterns. The summation of identical 
Gaussian distributions which are spaced apart by not 
so more than 1.5 standard deviations produces an ap- 
proximately uniform distribution in the plane passing 
through line 46 in Figure 1 6 running between the cen- 
ter axis of the first Gaussian source and the center 
axis of the last Gaussian source. An approximately 
55 uniform distribution will also occur in all planes of sim- 
ilar length parallel to the plane passing through line 
46. This uniform distribution will occur independent of 
the number of sources. Thus, a uniform distribution 
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may be achieved by spraying multiple passes with a 
single source as shown in Figure 15. Here a spray 
head 42 produces a spray pattern indicated by con- 
centric circles 30. The pattern has a standard devia- 
tion a. The spray head is moved along path 31. All 5 
passes must be parallel and preferably are spaced by 
not more than 1.5 standard deviations a. The bounds 
of the source spray must extend beyond the mask 
shapes 41 onto the mask material 10. Alternatively, a 
uniform distribution can be achieved using a set of 10 
sources 42 shown in Figure 15 and spraying in a sin- 
gle pass, indicated by arrows 43. There are enough 
sources 42 to cover the limits of the largest mask 
boundaries. The multiple source method would pro- 
duce faster cycles times and may be more precise rel- 15 
ative to the single source method. 

We can also make smart structures such as the 
I-beam 50 shown in Figure 17. This I-beam has sev- 
eral layers 51. In some of those layers such as layer 

52 shown in Figure 18, we have formed a strain gauge 20 

53 and insulator 54 through the deposit of appropriate 
materials in the manner illustrated in Figure 2. Be- 
cause we have deposited surrounding complemen- 
tary material (not shown) with the primary materials 

that form the I-beam 30, gauge 53 and insulator 54, 25 
we are able to create intricate shapes and parts like 
the I-beam 50 of Figure 17 having undercut portions. 
The complementary material supports the top of the 
I-beam during forming. 

30 

Claims 

1. A method for the fabrication of integrated elec- 
tronic packages and smart structures comprising 35 
the steps of 

(a) creating a first set of one or more masks, 
each mask in the first set corresponding to at 
least a portion of cross section through the 
electronic package or smart structure to be 40 
created and normal to a center! ine through 

the electronic package or smart structure; 

(b) creating a second set of one or more 
masks, each mask in the second set corre- 
sponding to and defining a complement to the 45 
cross section defined by at least one mask 
from the first set of masks; 

(c) placing in position on a substrate or on lay- 
ers deposited thereon the one or more masks 
from the first set of masks and the one or more so 
masks from the second set in accordance with 

a predetermined sequence; 

(d) spraying a primary material or a comple- 
mentary material over each positioned mask 
thereby forming at least one electronic com- 55 
ponent; 

(e) removing each mask after spraying; 

(f) repeating steps (a) to (e) to build layers;and 


(g) optionally removing a portion of the com- 
plementary material 
to complete the structure. 

2. A method according to claim 1, further comprising 
steps of 

(e<i) removing a portion of a selected deposit- 
ed layer to create a space therein for receipt 
of at least one prefabricated component; and 
(e 2 ) placing the at least one prefabricated 
component into the space so created. 

3. A method according to claim 2 f wherein the pre- 
fabricated component is an integrated circuit 
chip, a battery, a power source or a connector. 

4. A method according to any preceding claim, fur- 
ther comprising the step of 

(e 3 ) machining the layer to a selected 
thickness. 

5. A method according to any preceding claim, 
wherein the optional method step (g) comprises 
removing by melting one or more complementary 
materials which have melting points below that of 
the primary materials used. 

6. A method according to any preceding claim, 
wherein at least one sensor is formed in selected 
layers of the structure through the deposition of 
selected primary materials. 

7. A method according to claim 6, wherein the sen- 
sor is a strain gauge, a capacitive switch or a ther- 
mocouple. 

8. A method according to any preceding claim; 
wherein the adjacent layers are deposited so as 
to form an interlock between different deposition 
materials of adjacent layers. 

9. A method according to any preceding claim, 
wherein for at least one of the deposited layers a 
pair of masks from the first set or from the second 
set of masks defines at least one of the cross sec- 
tions through the package. 

10. A method according to any preceding claim, fur- 
ther comprising the step of treating at least a por- 
tion of the sprayed deposition material in each 
layer by shot peening, inductive heating, flame 
heating, vibrating and/or hot pressing. 
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